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primer 


13831 


ILan&Col 


F7B19 


F7B 19.27 


primer 


27033 


1 Lan&Col 


F7B19 


F7B19.2 


primer 


30189-30791 


Lan&Col 



TGGTTCAG jvjmwi V 

AAGCmXXXXXXJTGG GGGTCGAGTGATGTGATTG 
TGAG \AGTG 



|TAACGTCATCAG<XXn]TTACAAGCGAGAAAAGAT 
lAGGAAAC iGAGAAG C 

IoooogctgaactgactJtccgcxxiacxjuataagata 
1 pact acg ag icgac 



F7B19 1 F 7R1943 1 primer 



1 Lan&Col 



jCAGGGAAAGTGGTTG TCOHCITC^ 
IGATTOATG 



F7B19 F7Rl°-3 Primer 



F7B19 \ F7B1939 
F7B19 I F7B19.4 
F7B19 1 F7B 19.77 



primer 
primer 
primer 



55446-56209 1 Lan&Col 
ILan&Col 



F7B19 F7 B1^5 primer 



F7B19 1 RR19-5 primer 



F7B19_ 
T15D9 
T15D9 



F7B19.6 
T15D93 
T15P9.1 



T15P Q timv) 19 MARKER 



T1 5rvo T1SD9.2 primer 



T15P9 1 T '^r>9.3a primer 



Tt 5po T1SD9.55 | primer 



59771 

70859-71492 j Lan&Col 
77633 ILan &Col 



GATTCATU Ci_ 

|ATTTGTTCOCCATCGT TTATCAATC^ATITCCXXTO 
lOCTTC 1TGTATC , 

Rtgaagaatgcgcat tctgggatgaagagaaag 

Iagccgtag agaactgtc i 

aaaaaoogtcagaoc Itccaaatcgcgaaao'igao 

1CATAA ATG |AG J 

ataaccgaagaagcc atccggagacgaaaatga 
Igagaaatc Iacttag — 



9535l|un&CoL 



ItOTATTCCCAGCAGA jlXJGGCKXnTGTAAGGAGG 
GTCAGAAC lAGTAAC 



o«Q77-99658 |Dom7 
1 12337-1 13039|Lan & Col 
2985 IL an&Col 
12299-12914 1 Lan&Col 



18991 



LAST 

Irbcombin/ 

Col 



I a^tcgggtcctat 

TTOTATG |TAG 

AGGGOGAAACTTTGA TATOGGOTITIUAAOAOOO 

iGAGCAC lAAGG ■ — 

XgOGTOXJOGGTOTO TOCrGGCAAAlTGTCTTCT 

GAG lOGTTG 

IbcTCCGCCATCTCCTC GAAGTCCCATGOCTATCOC 

GTC ' TC 

IGAGOCCTTCTATGAGcj A.GAGATCCCCTGTTACTAA 
lCTACCTCTTC j AGGCTATTCTG 



37103-37728 ILan&Col 



|ATGGGGTAATCGAAT jcOCTAGGGCATCCGTTTTI 

Iagtgtogtc Iatctc 



S?189-S281l ICol 



IcGGAGA A AGTTGGGG jGAGAGGTTTGGGTTGGGCT 

Igttagttg Itgtag 



CcTGCGAAOCCACAC J ATGTTATCGTOGCXXJOG 1 1 



FIG. 15A (cont'd) 



Chromosome 2 



T1SD9 T»^D9.73 primer 



72993 



Lan&Col 



rurv) T15P9-4 



T15D9 



T15D9 



T15P9.5 
T15D9.93 



primer_ 



73930-74552 
8 6724-87494 
93763 



Lan&Col, 
Lain & Col 
Lag & Col 



F7K9 



F7K9 



F7K93 
F7K9.2 



primer 



21647-22276 
12216-12843 



Lan&Col 
Lan&Col 



F7K9 
F12P23 



F7K9.1 
F12P23.3 



F12P23 
F12P23 
F12P23 



F12P233 
F12P23.4 
F12P23.2 



pnmer 

p rimer, 
imer 

primer 



35904226 
61772-62430, 
44S7045511 
4088041507 
22431-23107 



F12P23 
T4D8_ 
T4P8 
T4D8 
T4D8 



F12P23.1 
T4P8.5 
T4D83 
T4D8.2 
T4P8.1 



pnmer 
primer 
primer 
primer 
primer. 



AACCGGTTGATAGTA 
GAOGAGATG 



GTAAGACGGAGCOCC 

TGAAG 
TOGGAAAGGCTAGAG 
ATGGGTAACTG 
XTTGCGGATATTCTAA 
AGGTGATG 



3352^026 
81647-82250 
47146-47883 
21848-22453 

18915-19589 \ Lan & Col 



Lan&Col 
Lan&Col 
Lan&Col 
Lan&Col 
Lan&Col 
Lan&Col 
Lan&Col 
Lag & Col 
Lan&Col 



GGA' 
ATGATG 
CAAAGOGGCCATCTC 

CTTC I 



TXXXXXXHTGCGATAGAG 



AACATGTTAAAGCCAATAC 
CCTCTC 
ATTGGACTATATGGGOCTC 
GTGAC 
TACTATTGOGCTXKTrGTTG 

AGG 



TGCAATGCCCGTT TCGAGGGAGGATGCTGAGT 



ATG 

GCAATTCATACCGCCACAT 
CTG 



ACTATGCGTGGGTGG 

CTTTGTG 
AGCGAGGTTATCTATC 

AGGGTTG 
CTTCATTTGCATCATC 
GTTATTAG 
TACCCATGCCTTGACT 

GCTG 



TCGTCGAACTAATTGG 

TGGGAAC 
ACAATGGCAACAATG 
GGCTGATAG 
CTCGGTCIGGTAATGT 
GAAGTGCT 
GCCCCnxnGCCATCTC 

TATC 
AAAC 
GTAAC 



CrtxnCTCATCCAAAT 
CCGTOC 



CAGGGGCATGCGGAATCTC 

GATTAGGTXXGCTIXJTrOC 

AGTTAG 
GGTOTOAAGTCTGAGGCrC 

CC 

rrxrrGAACXTrxjixjrGriCT 

ATTTG 



ATACGTCGCGGGAGTTGAG 
CGOCTCCTTCACAGCCACA 



CTCGCCGCCICGT AGG ATAAAOCCATAGCTTG 
ACCAG 



CAATATAACCCCGTCOOGT 
GAAG 



FIG. 15A (cont'd) 



Chromosome !V 



I Sequenced 
done 



TSH22 
TSH22 
T5H22 
TSH22 



TSH22 



T7M24 
T7M24 



marker or 
marker I primer 
name | pair _ 



imer 



TSH22.00 
T5H22.21 
T5H22.413I 
T5H22.41.4 primer 



imer 



imer 



TSH22.65 



T7M24.04 
T7M24.46 



primer 
imer 
primer 



T25H8 T25H8.01 primer 



T25H8 T 25H8.17 primer 



T25H8 T25HS.22.9 primer 
T24M8 T24M8.651 primer 



I marker 
Marker J properties, 
location iHKgfrMi [Forward Primer 



1 Reverse primer 



Lan&Col ItTTGTTACXXCTTTXjCC AAGGGGACACGCAC 

?1fT7 ^ Iccp TCGGACTGG AAAAACGCTXJTC 

1 jGTCGCXXrrrGGTCTAG ICIXJITCGIXXXXTTC 

? f 10ff Ui TAAATGG TOCTO — _— 

- 1 ITTXXX3AGAAACTTGCG ITTAGAAAAGCATOG 

35072-35719 Un^mi AGGAACATC IGGCACX^AAC^^^ 

^04-65591 ICoinnm ItGACTG ItAOGATTC 



ITCAACCTAAGGCAAAT I TTTAATG A AGGCCC 

/K<n6-66470 lLan & Col ItTTCTAAG AACAOC 

6503<h66470 |l^n* JcnxX^TGC^AAACA I GTTCIX^TA AQ3GGT 

4816^8214 Il^&ColjACAG CAGTCC 

4816^214 Lta j ATGTTATGTTTAOGTC |TXJIXXK3aPCCGGATG 

4624<M7868 U> rv,m . I gGGGTTGTGTTG I CT ATTTGT ATTTTC^ 

4624<M7 P 8 TCAOGAAGAAGGGGG TGACGTGGTGAAAG 

|ftr ^ AAAAGTTG ItAGGCTGTGAAG 



I ACTAAAGOCCCA ACTG I AAACOGOCACTACC 
16846-17990 lo"™ AAGAGGAAG iGCCATAA 



AATXX}ATXXX3TCriTC jCTTCCTGCAGCCGTT 

n^o-j.25074 \**r* CiA ACCAAC ICITC — 

22482-25074 Lxr ~J CGGCATG ACCAAACCC I AGGGGAAAG ATGAA 

^^naL^nnl TAAACTC 1 AGATGAAATAAG 



T24M8 T24M8.54 1 primer_ 
T24M8 1 T24M8.43 I P™*** 



T24M8 T24M8.22| primer 
T24M8 T24M8.09 

T24H24 TMH24.821 primer 

T24H24 T24H24.66 primer 

T24K24 I T74H24.48 1 primer 



T24H24 lT24H24.ll primer 

T27O20 1x27020.771 primer 
T27D20 IT27D20.64 

T27D20 IT Mn20.Sll Primer 



TT7D20 T27D20.41 



T27D20 1T77D20.06 primer 



T19B17 1T19B17.96| primer 



TI9B17 1 7/191*17.771 Primer 



TAATAAACCGCTCAGC GGGCTGCrOCAATCT 

53851-54655 K' CAOCACTCTAAG CGCTACAC 

53851 54655 cq_ jcTTAAATTCOOOGTGA GATGGAGTCGGCAA 

^^ru U&Col TGATGGTTO 1 AAGATAGGATG 



I ACGAG AAGCG AAAAC I CG AACCT AAACCAA 

r(itft ^ |.-»™ rr.AAGATAO AOTTAAACTGAATC 

2264 °^ 23 1 G AGTTCTGGGGT AATT jATTCTTGOGTGTCCC 

S961-8374 \ *«*»rki TOCTCTCG TOGTGTAAC 

5961-8374 Ua . J AG ACAGO0GG AAGCA TCTOGCTGCTGGACA 

R-JR1-1-R2890 Lcr&Col ATGGTGG TACTCACTCAC 

87814^2890 Ler&<n l^^^ A( ^ AOT | TCTGGAT CGGTrALT 

MS1j!fl « Lcr&Col It GTTAGAC .. GO AGOG 

66087^6765 Ler&Co. Iqqqqq^qqcATTCAG lAGOQGOGGOCTKiA 

jnuLMSX Ler&Hnl TOAGTAG — IGAGTATC 



ggcggcgtagttatgt taocacggocccga 

11212 11867 lt~ *rrt TGATTGAG GATACTAAC^ 

1 1717.-1 1867 Lcr * ^^^ ^^ UxxreAOGCTOOOO 

77681-78420 Hn r.ro. fe^^OAffllU p^cnTGCCGATA 

^H^- S^rrArocrG Eaaa TO 

c,n.^ Lt<M AG J TGTGAGTOC 



irvvj i _ 

jGTGATTCGCAGGACAT iTACA l 1 1 1 iGCAGCC 

„om^770 [Laa&^l TGAGTC ^77^^^ 

JtcgAATGGCTG AA AG A I AA A ACGGGTCKjCuO 

^107^887 ColP— 1 A A AG AATAAG AG J aGAATG 



((xrrxrrcccGTCACGTG I attttcata attatt 
I e _ , L,,-, Itcgogtgtgc 

96402-97060 I^n&Col GC 



vjv^ -i r— 

CGAACOCCATCCGAAC TGOCACAACA AACT 
773 l8-78093j^n&OoLJlAAC lOCACTATG , 



FIG. 15B 



T19B17 T19B 17.59 prim " S9092-S9808 



airomosome IV 



AGOGGTCAATGTTCTT ITATCGCGGCGGAGT 
i,„ACol I cAATGTOGTAG jCAOGAO 



TI0BI7 T19RI744 wfaw 44057^44788 

T19BI7 T19B17J0 primer I 30680-31352 

T19B17 TIOR'7 11 P™ """ "260-12044 

T26N6 T7 fiN6.ll prim " 12724-13462 

T26N6 T MN6.27 1 pri"" 27839-28536 



1^ ~ 

CTOOOOOGACCACCrr llTGOGG ATTCGTTAT I 
r^ivm TCAAr JgCTXJITCTC 1 

ATXXXXXKXXjrCTTCnjCAGOTrCAC 

CAP CAACTATAATC 

Itcatttgcgtctagag gggotagaaaoaag 
„ nA rm I gtggagtgc Iogagagggatag I 



caoggcatcattcatc gtaggatocggctg 

|t..^mi AAACOAG AATAGTGGTGG 

l-rrjnDOGATGAOGACA |ATTCTGCrGCTGCTG| 

f,n/rCnl AOGACAC [ATTOCTG 



T76N6 T26N*41 orimef 43996-44639 

T26N *™ primer S9333-59938 

T76N6 |T26M^74| primer 74460-75083 

TKN6 1T26N6.93 I primer \ 93352-939,86 

ka ua \ F4H6.44 \ pri "" 42567-43173 

mH6 I F4H6 "" I 60209-60835 

fOHfj F4H6.r r— 82859-83642 

1UH6 F4H6 HW primer 100331-101001 



AtUAUV^ \ 

GAOGGCCTTTTCATTCTjTTTCATATTTGCrCA 

^,^, r CACACAO TCTAACCCCTTC _ 

GCCK3GAACCCTACAC lAGTCGCCGTAGCAA 

Odnnlv IciTCAC ATGAAACC 

ATCGGGCOCnTGACT TCCGGAGACGA 

.,n*r„l ACTGAG OATGAC -— 

TTOOOGCATCCATTAG ItTGCCATCATCTTTC 

t->rm Unrc- TfTrorrrcncrATC 

■ GCAGAOGCGAGGACA I CAGCCTA AGCCCAT 

r,„*Cn1 CAGACAG |TTGTnTGAAG 



CAUA^AVJ l*» — 1 

Igttccaaogctagcaa AGGGGOCAACATGC 

LnACol GGTCTG jACTACAAG 1 

" LcAAATCAGAGGOCCAjTGGGCCGAATAACA 

r.nifrO,! AAGTCAATG jGCAAGTCC _ 



AAtilWim — 

J ATCCAAACGCCCAAAT |tTAAGTGCGGTGCG 
fnACol GTCAAC jGTTCAAATAC 



T19J18 I T19J18.12 P "mer I 12781-13435 

Tion« |T19J18J "[ | 28093-29954 

T4B21 |T1 °"« 7 ' oritnef 1 6380-7009 

T4B21 1 T19I18.42 primer I 200 45-20648 

T4B21 1 T4B21.20 r rimef I 21757-22522 

T4B21 1 T4 B2Q5 1 pri"~ 1 37346-38074 

T1B11 IT19J18.S7 1 primer 1 38498-39157 

T4B21 1 T4B2152 1 V* ™" 1 S4320-S5077 



CjlUAAV^ I — — 1 

ATXXXX^TAAAGAAAGOGan-ATCTTCGGTG 

r.,».nni I occagtc Jtctogtc I 



jcAGOGCTGTACAGTGG jOGTGGGTCAGGTGG 

Lan&Col TCAAATG lGTCAGG 

" J CATrACITACCCGCTTc| 

T|| , r .^. Urr^rrrATT. ItTTATGGTTGTGTC 

TGTOSCCrrACTCX^TrioCXXXXXXTrCA 

r.n*^! OGTICAAC |aTCTATCTC 



— gtcaaaggagcagca Jatttataggcx^at 

IcTATCAAAOGCAGTCA AGAAGGTGAGCCAA 

lAAGAA Afsf; r GAGATTA<rrG ..-. 
— | A TAGACAAAATrXX}CA|cACGCCACU;rrCATl 

r,^r.l ACACATACC ICTCCTTTC ' 



69927-70543 



T4B21 I T4 B21-68 1 primer 
T4B21 T4B21.83 pri^ 1 85772-86299 



8862-9483 
23155-23843 




ACACAIA^ ~' ■ I 

XTGTCATTGGCGCTGC OCTl lOOOCAOCAAT 
f-AOol 1TCTATC lATOcnrc 



ri VlAly V 

AAGOOCXjOGATTTGGT CGCTACX3CATGGGT 
.,n & Col |tC |CTATTTG 



I 1 v " * 

TAGAGCGGTAACTTAA ATCTCGGGCX^AAT 
IlnTr ^, UiAATfTmC I A A ATCA A AAC 

IxGGAGGGCrrGCATGT ICAGAGCCGGATGAG 

Igagagtg aaaaCAGAGC I 

1 J A ATCA ATTGGTTTCTA AACTCCGACTGAAG 

CAPS |CTTTTTAG_ |GTATAGC 



Ulll I ftVJ i = 

ACXXKJCTCATTGGCTA ItTAAGGGTTGGGGT 
f ._,^, | aaaagttc I TCATCTGTCAC 



FIG. 15B (cont'd) 



T32N4 1 T32N4.09 



T32N4 1 T32N4.60 



T32N4 1 T32N4.66 



T1J24 1T1J24J14 



T1J24 1 T1J24.79 



T1J24 I T1J24.23 



T1I24 I T1J24.01 



F6H8 
F6H8 



F6H8.70 
F6H8.51 



Chromosome IV 



I A AGTCTGGGAAGAGG IaTAAAGTAOGOCGC 
r ^ 1 S0248.50 <m l ^n&Cot I ATG AG A A AOOC JCCATCAATAG 



Iggcagatac 

f nn<;_iiinfl ll^n&Col OCATAC 



Itctgaatogcatctc 
ictcgtgtaaag 



prinv. lPIP-»»y p loCTGGGAGCTOCOGTA loOOGTTOATOATUA 

,rim«- 24917-25724 l-an& Col GAAG I A A ATAGGGTG 

invr I 45840^6451 lLan& Col TCC jAGTG 

,mCf CTOGOCTAOGAGAC3TC ATOAOOCnJlXiCl lT 

pinw 46637-47 ™ Ul Pom jcTTGTG JTCCTCCTC 



CICIXXjGOGTTCXXIXniCKXXXXXnXXnX^ 
1 60777-6,645 lun^o, r^AGAAGCGAAACAA OGAGACAAAGAAAT 
66497^ k<nnm CATAACCATAG 1 OGGCAG AGTAG 



I CATGOCGG AATTACG A GCGCCAAATCTCTA 
rrim «- ln482S-U^«l^"-feCol CACCTC |AACAACACTC 



AATGAATGGGAOGAA GCATCOCOGGTACT 
^ 1 «™*™ |'-*<" ^I r ^Ec,A 1 ^ 
p rim. | ^1633 Icol Pom F mr p^ 
primer 79569-* ""' Un&Col IcTCAG JCAATCT 



J<xxiaaagtataagcgcItaagogoctcacttc 

I 60440-61245 Ir^n& Col CCACCTA ACCATTG 

mmn 1 p jTOOGGAAGGAGOCA<^jT0CCCAGACCrCT0G 

51061-51798 IT -an & Col TAAG . ITTGAC , 

5106 ' GG<XGGGAGTrGGTCA ItCAATTTCAATCCCC 

primer 1 27855-28895 | r*n&Col TAAGG jGCTGGTC 



Itggtcgggcatattgt Icggcgctgtccctg 

primer 1 23943-24800 j r^ACol TnTCTTGTG JGTTOC 



F6H8 
F6H8 



F6H8.94 
F6H8.U4 



F21I2 I F2 112.82 
F21I2 1 F2 112.70 
F21I2 I F21I2.68 



F21I2 
F21I2 
F2U2 



F2U2.50 
F21I2.48 
F2U2.29 



F21I2 1 F21I2.02 



F14Q16 |fUG16.100 



irrCCCCAAAAATCGTT jACATCGCCTCTTCAA 

unknovm^uuqud |ACGCUAUAA a ^ TAACT0TO 

inmerj §£9 1 JgCTAAGOCATCCAAGT IgTTTGAGTCTTTGGC 

primer 1 unknown jLan&Col- |tCTGAG |Tn)GTATGTTC 



| 1V-/1 VJfVVJ i — 

JOGTGCAGGGGAGTGTC I CAATTTCAATOCCCG 



ICTGGTC 



primer 



[— OGOGGCTGOCrTCATG GCOCATTTGTCGCCT 

»nVnnwn Ln&Qil- TATCTATC iTATTCTATTC 



iraer 



|/\i^t/vt^ i ■■ 

tnTKMOOATAOOOA ITAAOOOOAAOOAO* 

. . 4o<w).soi45 ICol IcACCTCACC AACTCCGACTC 

,nmc r 1 48960 50345 p JgTGGGGTOGAGTGGTG JgGATOGCCTGTTACT 

. i -WR95-30702 Lan&Col ItGGTAG ITAAGOCTATTC 

j, nm cr | 29895 30702 L*n& L^txxtcCCGOGTC CATCATCOCAATCOC 

M1V3098 lUn^Col AACATC |aAATACAAGTC 



primer 



primer 



AAACTTTCGCCACrCT IaTTTGCGTAAGGCG 
^0^174 lun*<^< jOCrCTATTATG |tTGATGACTC 



FIG. 15B (cont'd) 



Chromosome IV 



FUG 16 


FUG 16.81 


primer 


22905-23604 


Lan&Col 


CGTCTTX^TCGGCTTC 
GTTCAG 


TGGGGAGCGGAGGA 
TTCTTG 


FUG 16 


FI4G16.66 


primer 


37689-38299 


Lan&Col 


AGOGATTGTACCOCCA 
CCATTC 


GCIXXXjGCAATCTTC 
TTOCTCTC 


FI4G16 


FUG16.49 


primer 


54150-54777 


Lan&Col 


ACTTTGGGCAATGAAG 
CGTATG 


AACJUULTI TAUGATl 
ATTOGTAGTGTTC 




FI4G16 32 


primer 


8172-8825 


Lan&Col 


TCTCGCAGTTGCAGAG 
ATGGTG 


TCCGCGAAGAGAAG 
AGTGATGG 




FUG 16 66 


primer 


9445-10055 


Lan&Col 


AGCGATTOTACCOCCA 
CCATTC 


GCTCCGGCAATCTTC 
TTCCTCTC 




FUG 16 16 


primer 


24251-24873 


Lan&Col 


TGGTGTATTTTTGCrrr 
CTTTTCTCAGG 


GTTGTTOOGCTATGG 
GGCTAAGG 




FUG16 01 


primer 


39801-40577 


Lan&Col 


GTGCGGAAATGTCTGG 
GCTC 


A ATC ACTCA ACCGC 
GAAACTCTATC 


P7ftrvl 


F28D6 42 


primer 


42565-43225 


Un&Col 


ATCAACCCCCAAATCA 
nCAGAAAC 


AATCGCGGTTAGCC 
ACITCATC 




F28D6 50k 


MARKER 


50323 


Col Dom 


CGGCTGGCTTTATTAT 
CTGAGTTG 


TTCGGGAAGCCTGT 
GGAAG 




F2SD6.58 


primer 


58994-59869 


Col Dom 


AOOCCGAGCTCAACTT 
CTTAGG 


GGAOGGGAGATGGG 
ATTACC 


F2SD6 


F28P6.76 


primer 


76571-77289 


Lan&Col 


AGAATAGGAGCTGGG 
AGGTCAAAC 


ATACTTAGATGCAA 
TGGGTGTGGTG 


F28P6 


F28D6.93 


primer 


93823-94512 


Lan&Col 


nrr a tpctgcCG ACA 
TAAAG 


TACTCCGCATCATCT 
TCCATCTCTTC 


F28D6 


F28D6.120 


primer 


7985-8702 


Lan&Col 


GAGGGGCGAGTAGTTG 
AATCTGC 


CCTAAGCCCGAAAC 
CAAGTGAG 



FIG. 15B (cont'd) 
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Add Markers to BiBAC 
utilizing Transposons in Bacteria 




FIG. 21 



Measuring centromere functions 
in plant mini-chromosomes 



Qualitative assays 





Stable 



Unstable 



Quantitative assays 





Mitosis 




Meiosis 



FIG. 22 
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